A reliable assessment of clinical performance requires multiple cases, as performance varies between cases depending on previous experiences and knowledge of the case. However, behavioural attributes, including communication and teamwork, may be expected to be less dependent on specific case knowledge and thus be more stable across cases. This has implications for training and assessment design. In this study we measured the psychometric properties of assessment of behaviour in simulated anaesthetic emergencies.
A reliable assessment of performance requires multiple cases, as performance in one case may not predict performance in other cases 1 . This case specificity is attributed to varying experience and knowledge of the particular case. However, it could be hypothesised that the behavioural aspects of performance, which include teamwork, leadership, situational awareness and communication, may be more stable across cases. Interest in these factors, often referred to as non-technical skills, has been raised in recent publications in the anaesthetic literature 2, 3 , but as yet little is known regarding the psychometric properties of 'generic' behavioural scores of performance, or their correlation with other measures of performance. Previous studies suggest that there may be few generic skills in professional competence and those that do exist may be sensitive to changes in the conditions in which they are used 4, 5 . Communication skills may depend on a good knowledge of the medical condition and may vary between cases. Problem solving skills may not transfer from one clinical problem to another. Good crisis management behaviour in one case may not transfer to other cases.
This study is part of a larger ongoing project. Our initial report on global scores for overall performance 6 demonstrated that trainees performed differently across clinical cases and that in the order of 12 cases would be required to produce a reliable result for any trainee. In this part of the study, our aim was to compare the psychometric properties of assessment of the three different categories of performance rated by the assessors: medical management, behaviour and overall performance. In particular, we wished to investigate the generalisability of behavioural skills across cases.
MATERIAL AND METHODS
Ethical approval was obtained from the Wellington Hospital Ethnic Committee and written informed consent was obtained from the subjects. All 22 anaesthesia trainees in the region were invited to participate in three randomly allocated, tightly scripted, standardised simulations of anaesthetic emergencies using the METI simulator. The data was generated by the same trainees, cases and assessors described in the report on generalisability of overall performance, where there is a full description of the methodology 6 .
Using a five-point rating scale, with explicit criteria for performance, four external assessors with no prior knowledge of the participants, independently rated the entire set of 22×3 videotaped performances against a structured rating form with explicit criteria. The assessors awarded a separate global score, on a scale of one to five, for each of three categories: behaviour, medical management and overall performance (see Appendix 1 on the online version). Assessors participated in workshops and teleconferences to gain a shared understanding of the rating criteria and expected standard of performance. All assessors were experienced instructors on Anaesthesia Crisis Resource Management courses.
Results from the scores for behaviour and medical management were analysed using Generalisability Theory 7-9 with the General Purpose Analysis of Variance (Genova) statistical package, and compared to the previously analysed overall performance scores. Variations in the score for an assessment arise from a number of factors: the particular case, the assessor marking the case and the candidates themselves. The last should be the largest source of variation as the purpose of the examination is to discriminate between candidates. There will also be variations due to the interaction between each of these factors, for example, the response of an assessor to a particular candidate on the basis of personality, gender or race. Generalisability theory makes use of all data in a single analysis to quantify all sources of variation (candidate, case, assessor and interactions between these components) and their relative contribution to the variance in scores 7, 10 . The separate sources of variation are combined to give the generalisability coefficient (G), an expression of the extent to which differences between candidates reflect reproducible differences, for each of the three scores. A value for G of 0.8 is the accepted level of reliability. As this study was a fully crossed design for subject, case and assessor (i.e. all trainees did all cases and all were marked by all four assessors), all sources of variation could be quantified. This allowed generation of 'Decision', or D studies, analogous to a power calculation in an intervention trial, mathematically modelling G in different hypothetical assessment formats. By quantifying the variation from the different sources, decisions can be made about alternative examination formats and their effect on the overall reliability of the assessment. For example, would a more reliable assessment be achieved by increasing the number of cases, or increasing the number of assessors marking each case and what would be the optimum format to balance adequate reliability with feasibility?
We could thus determine the most efficient use of cases and assessors to produce a reliable assessment for each of the categories, where G of 0.8 was set as the acceptable level for reliability.
Correlations between scores for the different categories were calculated with Pearson's correlation coefficient using SPSS software.
RESULTS
Full sets of results were obtained for 20 trainees. One trainee was unable to attend due to service commitments and one tape for one trainee was lost due to recording error.
The variance components (VC) of the three different category scores for trainees, assessors and cases and the interactions between them are shown in Table 1 . The trainee variance component is an estimate of the variance between trainees on mean scores. As the purpose of the assessment is to detect differences between trainees, most variance should occur here, which was indeed the case. For behaviour, the VC due to the trainee is higher than for medical management and overall performance scores. The case component variance was close to zero in all three categories, indicating there was very low variation in the mean scores for each category across the three cases. For behaviour, the VC of the interaction between trainee and case was less than in the medical management and overall performance, suggesting less variation in behaviour between cases. The VCs due to the assessor were relatively low, indicating that the assessors were of similar average stringency in all three categories. The variance due to the interaction between assessor and trainee was higher for behaviour than the other categories, suggesting that the different assessors rated a trainee's behaviour differently.
For behaviour in the study test format, G was 0.76, higher than for the overall performance or medical management. This reflects the lower variance due to the case/trainee interaction. Unlike the other two categories, G for behaviour approaches an acceptable level of reliability with this particular number of cases and assessors (three cases and four assessors, see Table 1 ).
As this was a fully crossed design, D studies could be generated to estimate G coefficients for test formats with different numbers of cases and assessors ( Table 2) , in order to determine the number of cases and assessors required for a reliable test format. Psychometric properties differed between the three categories and for behaviour, a reliable assessment could be achieved with fewer assessors and fewer cases than the other two categories. 
TABLE 2 D study used to estimate what G would be for test formats with different numbers of cases and assessors: G is calculated for different numbers of cases and assessors for overall (Ov), medical management (MM) and behavioural skills (B) assessments. Test formats which would have an
acceptable level for G are in bold. The correlations between the scores for the three categories are shown in Table 3 . Within a case, the correlations between the three categories were high, ranging from 0.71 to 0.97 (P <0.01), while the correlations of scores for the same category across cases were lower. There was high correlation of scores for the three traits within a case and lower correlations for the three traits across the cases. This suggests general case variability in all three categories and accords with the G studies. However, there was a considerably higher correlation for the trait 'behaviour' across the three cases, in comparison to the much lower correlations of scores for overall and technical scores.
DISCUSSION
We found that there is a difference between the psychometric properties of the scores awarded for behaviour, medical management and overall performance of anaesthesia trainees in a simulated clinical crisis. For behavioural scores, the traineecase interaction contributes less to the variation in the scores than in the other two measures of performance. This suggests that a trainee's behavioural attributes, such as communication, situational awareness, leadership and teamwork, are more stable between cases than their medical management or overall performance.
The performance of an examinee in one case or clinical simulation is not a good predictor of his or her performance in another case 11, 12 , with the implication that large numbers of cases are required for a reliable result for any one trainee. Previous studies attempting to separate out different aspects of performance in general practice consultations, found that attributes such as communication skills were dependent on context and that good communication with a patient relied on good knowledge and skills relating to the specific clinical problem 4, 5 . In this study we confirmed that large numbers of cases are required for a reliable assessment, but that there was less effect on behaviour due to the case, suggesting that a trainee's behavioural attributes could be reliably assessed in fewer cases. The high correlation between behaviour, medical management and overall performance confirms the interdependence of these aspects of performance and their dependence on the context in which they are being measured.
Increasingly, the impact of behavioural skills on patient outcomes is being recognised and addressed 3,13-21 and rating systems have been developed to measure these attributes in anaesthesia and other acute care specialties 2, 22 . Can these behaviours be taught and assessed independently of the case context and can they be transferred from one case to another? The answer to this question would have significant impact on course and assessment design. Should courses focus on generic crisis management skills, or aim to cover the range of potential crises that may be encountered? Can good leadership, situational awareness, teamwork and communication skills improve patient outcomes both in previously experienced situations and in situations novel to the clinical care team? Accurate assessment is key to answering these questions and understanding the impact of behavioural factors on patient outcome.
This study is limited by small numbers, as evidenced by the large standard errors in the G studies. Increasing the numbers of subjects would increase the stability of the results. However, this data is costly to generate due to the expense of simulation and the requirement of many hours of rating from expert assessors (30 hours per assessor in this study). Unlike many other domains in assessment, existing data from established examinations are not available. Nevertheless, these results provide a guide on the number of cases and assessors required for those intending to establish simulation-based assessments. In addition, each assessor rated the three categories at a single time and it is possible that the high correlation between the three different scores is due to assessor bias (e.g. halo effect), where scores for one category influenced scores for the other categories. To resolve this it would be necessary to have separate assessors rating behaviour, medical management and overall performance.
This study analysed three different categories of performance in simulated anaesthetic emergencies and found the generalisability coefficient for behaviour was higher than for medical management and overall scores. This was attributed mainly to the lower variation in scores for behaviour between cases, implying that these skills can be reliably assessed over fewer cases.
Although there are limitations to the study, results suggest that attributes such as communication, leadership and teamwork skills are transferable across different clinical contexts. These skills are dependent on knowledge of the case to some extent but not entirely, with some component independent of the case, as demonstrated in our generalisability analysis. The implications are that behavioural attributes are transferable between cases and courses aimed at improving behavioural skills in crisis management should have general application.
